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The present document was developed in the context of an internship in a Swiss company active in the 
domain of consulting and engineering in the energy component of buildings. The aim of this study was 
to discriminate the different stages of a building project in terms of energy and to describe the process 
and the legal context in each of these stages. 
In Switzerland the building sector has a strong role in the energy policies of the country, since it 
represents 46% of the national energy consumption. Therefore the energy component of a building 
project has to respect several legal requirements in order to ensure an efficient and rational use of 
energy. Concerning the canton of Geneva, where this study was focused, the energy demands in the 
building sector are one of the highest in Switzerland. For each stage of a building project there is a list 
of requirements to follow. These are mainly focus in the following aspects: i) Quality of the thermal 
envelope; ii) The obligation of using renewable energies; iii) The use of an air conditioning system 
only when justified; iv) Higher requirements for public buildings and large buildings; v) Correct sizing 
and installation of the heating, ventilation and  air conditioning systems; vi) Energy consumption 
control.  
As demonstrated, each of the different stages has its importance in the building project, and the correct 
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1. Introduction 
1.1 Context 
My internship took place in the Swiss company Putallaz Ingénieurs-Conseils SàRL, which is active in 
the domain of consulting and engineering in the energy component of buildings.   
The company, established in Geneva, was founded by Jean Putallaz in 1987 [1]. 
Specialized in heating, ventilation, air conditioning (HVAC) and in building envelope, the company 
provides services that cover all the stages of a building construction and operation in terms of energy. 
The services provided can be divided in three types: 
i) Perform HVAC studies: Complete HVAC projects from preliminary studies to the building 
operation; energy audits; analyze of dysfunctional systems; operation monitoring of a HVAC system. 
ii) Provide documents and filled out forms for energy-related authorization for construction and 
renovation of buildings: documents requested by law; documents needed for a building to be certified 
with the Suisse standard Minergie; financial support forms. 
iii) Assist and advise project owners and architect in respect to energy and environmental aspects 
of a project. 
Each of these services can be provided in separate or as part of the same project. 
During this one-year internship I participated in all different stages of a project. However, rather than 
follow all stages in the same project, I have participated in the various stages in different projects. The 
reason for this is that from one stage of a project to the next, it can take months or even years. 
 
1.2 Report structure 
In this report, at first I am going to contextualize legal and policy aspects related to energy in 
Switzerland (Chapter 2). Then, I am going to describe the different stages of a building project in 
terms of energy in Switzerland (Chapter 3). 
In Chapter 3, I am going first to briefly describe my participation in each of the projects I worked in, 
and then, in the following subsections, I am going to choose some of those projects to describe in 
detail each stage of a building project.  
The projects I was involved in were mainly in the canton of Geneva, therefore this document will be 
focus on the legal aspects of this canton. 
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2. Energy legislation and policy in Switzerland 
2.1 Swiss legal context 
Switzerland is a federal state, in which power is shared among the Confederation (central state), the 26 
cantons (federal states), and the 2408 communes (the smallest political units). The laws of the 
Confederation apply to the whole country, and the laws of the cantons apply to their communes [2, 3]. 
 
In terms of building legislation the Confederation established with the Energy Law – LEne 730.0 (art. 
9) that the cantons must create their own laws regarding the efficient and rational use of energy in 
existing and new buildings. Therefore, the canton laws must refer to the following:  
a. The maximum proportion of non-renewable energy sources intended to be used in heating 
systems and for domestic hot water production (DHW); 
b. The conditions for the installation of electric heaters and the replacement of this kind of 
installations; 
c. The setting of objectives agreed by the main consumers; 
d. The deduction in the individual charges for heating and productions of hot water in the new 
constructions and major renovations. 
Even though each canton has their own legislation, the Confederation gives financial support 
concerning the energy component of buildings. This was outlined in the Energy Law (art. 15) and 
defined more in detail in the CO2 Law – 641.71 (art.34). The CO2 Law defined that in order to reduce 
one third of the CO2 emissions of the buildings, the central state grants a maximum of 300 million 
swiss-francs (CHF) per year to the cantons until the year 2019. This amount, managed by the cantons, 
should be applied in giving financial support to: 
a. Increase the energy efficiency of buildings; 
b. Promote the renewable energy sources, the heat recovery systems and the improvement of the 
technical installations [4, 5, 6]. 
 
Fig. 1 - Swiss federal support in 2011 (adapted from [6]) 
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In 2011, as shown in figure 1, an important part of the federal support was given to the improvement 
of buildings regarding thermal envelope, solar thermal collectors, automatic wood heating systems, 
heat pumps and photovoltaic systems. 
2.2 Strategy 2050 
The document Stratégie Energétique 2050, approved by the Swiss Federal Council in 2013, presents 
the energy goals for 2050 and a list of measures to adopt in order to change the Swiss energy system 
step by step until 2050.  
This strategy aims the progressive shutting down of all the nuclear power plants in Switzerland, the 
reduction of final energy and electricity consumption, the promotion of renewable energy sources and 
the reduction of the CO2 emissions. 
In this document the housing sector has an important role since nowadays it represents 46% of the 
national energy consumption (116TWh). The objective for 2050 is to reduce 34,9 TWh of the total 
energy consumption in buildings (including electricity) in relation to the tendency. This means a 
reduction of approximately 30% of the current consumption in buildings sector [7, 8, 9]. 
2.3 Canton’s Energy Law 
Each canton has their own Energy Law that is based in the document Modèle des Prescriptions 
Energétiques des Cantons (MoPEC) from 2008, which is a list of energy limits to be applied in the 
cantons. The MoPEC, jointly created by all the cantons, has some parts which are mandatory and other 
parts which are not, so that each canton can still decide what is best to apply in a region. 
Both the Canton’s Energy Law and the MoPEC often refers to the requirements described in the Swiss 
Society of Engineers and Architects (Société suisse des ingénieurs et des architects, SIA) norms, 
which is a group of norms devised to promote sustainable and high-quality design of the built 
environment in Switzerland [10,11,12].  
2.3.1 Canton of Geneva: Energy Law and its Implementing Regulation 
The Energy Law L 2 30 and its Implementing Regulation L 2 30.1 are the main legislation of the 
canton of Geneva concerning the new buildings and renovation projects. In these, they imposed rules 
in the territorial organization of energy, in the building construction and renovation as well as in the 
buildings operation. 
Their principal goal is to reduce the energy consumption and to gradually replace all the energy from 
fossil fuels to renewable energy sources.  
The Energy Law defines three different types of building construction procedures: New building; 
Extension of a building; Building renovation. All procedures have to respect a list of prescriptions and 
the new buildings and extensions must also be licensed with a High Energy Performance (HPE) 
certificate as well as install a thermal solar system covering a minimum of 30% of the energy needs 
for the production of DHW (Qww) 
1
 [13, 14, 15] (Annexes-I).  
The prescriptions to comply are described in the Implementing Regulation. These are divided in the 
following articles: Thermal insulation and solar summer protection; Production of DHW; Ventilation; 
Luminosity; Heating system; Air conditioning; Energy consumption control; Cold rooms; 





 - The law describes some exceptions to the use of thermal solar systems, for example when other renewable 
energies are used or when the roof orientation is not favorable. 
Energy component at the different stages of a building project in Switzerland 
Internship at Putallaz Ingénieurs-Conseils 
Maria Carolina Sollari Allegro Machado Lopes   4 
3. Stages of a building project in terms of energy 
Concerning the energy component, a building project can be divided in six main stages: 
1. Preliminary studies 
2. Construction and renovation authorization 
3. Sizing and design of HVAC systems 
4. Description of installations and construction 
5. Operation monitoring  
6. Punctual studies 
 
An explanation of what each of these stages is composed of is given in the following sections. For 
each stage, I provide an example of a project I have worked on, describing the procedure and the legal 
aspects related. 
Table 1 summarizes the main projects on which I worked during the internship. For each project, I 
detail the stage of the project during my participation and I briefly describe what my work consisted 
of. 





Description of my participation 
Caves de 
Mandemant 
1 New building 
Comparative study of four different types of  heat production by solar panels using 
Polysun a 
Beauregard 4 1 Extension Calculation of  different types of thermal bridges using Flixino b 
Saconnex-
Dessus 
1  New building 
Comparative study for three types of heat and DHW production: gas and solar 
panels; wood; wood and solar panels. 
Calculation of energy gains and losses using Lesosai c 
Comparative study between being granted HPE or Minergie.  
La Renfile 2 Extension 
Calculation of energy gains and losses using Lesosai. 
Study of thermal bridge using Flixino. 
Study of the risk of condensation in a wood slab with inside isolation. Preparation of 
documents and fill out forms for the construction authorization, canton of Geneva. 
Chemin des 
manons 
2 New building 
Calculation of energy gains and losses using Lesosai. 
Preparation of documents and fill out forms for the construction authorization, 
canton of Geneva. 
Preparation of documents and fill out forms for the certification Minergie. 
Preparation of document with a presentation of installations to the project owner. 





Calculation of energy gains and losses using Lesosai. 
Preparation of documents and fill out forms for the construction authorization, 




Calculation of energy gains and losses using Lesosai. 
Preparation of documents and fill out forms for the construction authorization, 




Calculation of energy gains and losses using Lesosai. 
Preparation of documents and fill out forms for the construction authorization, 
canton of Geneva. 
Moniaz 2 Extension 
Calculation of energy gains and losses using Lesosai. 
Preparation of documents and fill out forms for the construction authorization, 
canton of Geneva. 
Preparation of documents and fill out forms for the certification Minergie 
Villas Grob-
Carbon 
2 New building 
Calculation of energy gains and losses using Lesosai. 
Preparation of documents and fill out forms for the construction authorization, 
canton of Vaud. 
Villa Lens 2 New building 
Calculation of energy gains and losses using Lesosai. 
Preparation of documents and fill out forms for the construction authorization, 
canton of Valais. 
Preparation of documents and fill out forms for the certification Minergie. 
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Chevillard 3 and 4 
Renovation 
and Extension 
Ventilation system:  
a) Calculation of air flow rate required for forced and return air for each room 
b) Sizing ducts of fresh air, exhaust air, forced air and return air 
Heating system and DHW production: 
a) Sizing the system of  radiators  
b) Sizing the conduits of distribution 
c) Sizing boiler and water tank 
Design of the ventilation and heating systems using AutoCad d 
Measure the length of ventilation and heating system conduits and description of 
type of conduits used. 
Analyze of tenders from the installing enterprises.  
Séracs 3 and 4 Renovation 
Ventilation system:  
a) Calculation of air flow rate required for forced and return air for each room 
b) Sizing ducts of fresh air, exhaust air, forced air and return air 
c) Sizing mechanical ventilator 
d) Calculation of ducts weight and surface of isolation 
Design of the ventilation systems using AutoCad. 
Measure length of ventilation ducts. 





3 New building 
Ventilation system:  
a) Calculation of air flow rate required for forced and return air for each room 
b) Sizing ducts of fresh air, exhaust air, forced air and return air 
c) Sizing grids and accessories 
Heating system and DHW production: 
a) Calculation of energy required for the heating system for each room using 
Win-Hte 
b) Sizing conduits of distribution 
c) Sizing boiler 
d) Sizing the water tank 
e) Sizing components of radiant floor heating system 
Design of the ventilation and heating systems using AutoCad. 
Vélodrome 5 New building Annual report. 












Diagnostic of condensation problems: 
- analyze of thermographies  












Diagnostic of condensation problems: 
- analyze of temperature and humidity measures 
- study of thermal bridge using Flixino. 
a - Polysun is a certified simulation program used for the sizing of solar systems; b - Flixino is a software to analyze the 
thermal properties of a construction; c - Lesosai is a software for the certification and thermal balance calculation of 
buildings; d - AutoCad is a software application for both 2D and 3D computer-aided design; e - Win-Ht is a software for 
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3.1 Preliminary studies 
A preliminary study can be done by request of the project owner or architect to study a particular part 
of the energy component of a project. This analysis helps to define the characteristics of the project.  
3.1.1 Caves de Mandemant  
3.1.1.1 Characteristics of the project 




The heat production for the five buildings is planned to be obtain from a centralized wood boiler and 
solar panels. This production will also be used, when needed, in two other independent buildings.  
Table 2 describes the main characteristics of the project. 
Table 2 - Characteristics of the project Caves de Mandement 
Type of project New buildings Minergie 
N° of buildings 5 
N° of sub-stations1   6 
Type of buildings Multi-family houses  and commercial 
Location Comune Satigny, Canton of Geneva 
Heat production for heating system Wood boiler  
Heat production for DHW Wood boiler and solar panels 
Ventilation Double flow with energy recovery 
Heating distribution system Radiant floor 
 
As requested by the project owner a preliminary study was performed to compare four different kinds 
of solar systems in order to know which type was better suited for this particular project. 
After analyzing the conditions of the project and the different options, the following variants were 
considered: 
 Variant A – Totally decentralized solar systems: six independent solar systems for each sub-
station with one group of standard solar panels, one solar accumulator and one water tank for 
each system.  
 Variant B – Partially centralized solar system: one group of standard solar panels connected to 
one solar accumulator and six water tanks, one for each sub-station. 
 Variant C – Totally centralized solar system: one group of standard solar panels connected to 
one solar accumulator and one water tank to serve all the sub-stations. 
 Variant D – Partially centralized solar system: one group of high-temperature solar panels 
connected to two solar accumulators and six water tanks, one for each sub-station. 
For variants A, B and C the solar system is only used in the DHW production while in variant D the 
energy from the solar system is also used in the heating system. The advantage of variant D compared 
to variant B is to have fewer conduits in the network. 
In Annexes-II, an illustration and an operating diagram of the four variants are presented. 
In order to compare each variant the following criteria were used: i) Price; ii) Occupation area of the 
solar panels; iii) Difficulty in re-selling the buildings; iv) Risks of the system. 
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3.1.1.2 Legal context 
In this study, according to the Canton of Geneva Energy law, the solar system must cover a minimum 
of 30% of Qww. The list of prescriptions described in the Production of DHW article of the Canton of 
Geneva Implementing Regulation must also be respected [13, 14]. 
 
3.1.1.3 Sizing the systems 
The system sizing was done using Polysun, which is a certified simulation program used for the sizing 
of solar systems. Before using the program I had to pre-calculate the following components: 
 
a) Energy need for production of DHW (Eww) to all the buildings in units of MJ/year.  
According to the SIA norm 380/1 this value can be estimated using the following expression: 
 
x
xxww EBFQwwE )( , (1) 
where EBF is the total area of ground of the heated or acclimatized rooms, measured from 
outside the building thermal envelope and Qww is the energy need for production of DHW in 
units of MJ/m
2
 of EBF. In this formula Qww are theoretical values according to the type 
building, as it will be explained in the next section. The x refers to the type of building. 
 
b) Number of solar panels (n) needed to cover 30% of Eww. For this calculation the area of the 
solar panels considered (asolar panel ) was the one of the standard solar panel Azur 8 and the 
efficiency of the solar panel used (














 where ηsolar panels = 500 kWh/(m
2




c) Dimensions of the solar accumulator (dimsol) in units of L, which is calculated according to 
Polysun manual, as: 
ssolarpanelsol A 50dim , (3) 




d) Dimensions of the water tanks (dimwheater) in units of L, according to a table given by the 
enterprise Hoval
2
. This table is based on the number of habitants, assuming a DHW 
temperature of 60°C, and the needs per hour [16]. 
 
e) The daily needs in DHW (E ww day ) for each sub-station in units of  L/day, according to a table 
given by the enterprise Hoval. This table is based on the number of habitants, assuming a 
DHW temperature of 60°C, and the needs per day [16]. 
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where VDHW needs is the flow rate needed, according to Hoval table in units of L/h, based on the 
number of habitants, assuming an DHW temperature of 60°C and ΔT=Tfinal-Tinitial=60°C-10°C. 
 
g) Flow rate of  the solar pump (Vsolar pump) in units of L/h, according to the technical information 
of the standard solar panel Azur 8 
ssolarpanelsolarpump AV  40 , (5) 
















where Cp water is the specific heat of water in units of kJ/kg.K, ρwater is the density of water in 
units of kg/L, ΔT = Tfinal - Tinicial = 60°C - 10°C and P is the power of the boiler in unit of kJ/h. 
 
i) Thermal conductance of the solar heat exchanger (Csolar) in units of W/k, using the expression 
(7) suggested by the Polysun manual to a plate heat exchanger. 
solarpanelsolar AC 100 , (7) 




j) Thermal conductance of the DHW heat exchanger (CDHW) in units of W/k, using the 
expression (8) suggested by the Polysun manual to a plate heat exchanger. 
DHWneedsDHW VC 10 , 
 
(8) 
where VDHW needs is the flow rate needed, according to Hoval table in units of L/h, based on the 
number of habitants, assuming a DHW temperature of 60°C. 
 
k) Distances between the different components of the system, measured in the architectural 
plants.  
In this project I measured the distance between: i) the solar panels and the solar accumulator; 
ii) the solar accumulator and the water tank; iii) the water tank and the consumers.  
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With those components calculated for each of the four variants, the information was introduced in the 
program Polysun along with the type of boiler, location of the project and orientation and inclination 
of the solar panels (orientation: south; inclination: 30°). 
For the variant D the Polysun simulation was done by the company that produces the high-temperature 
solar panels, since this is a new technology and the Polysun standard program did not have all the 
information needed for the simulation.   
During the simulation the dimensions of some components needed to be readjusted due to the solar 
system losses. 
 
After readjust all the components, the simulation gave information about the following elements: 
 Meteorological information about the place 
 Annual consumption of electric and/or combustible energy of the system; 
 Annual and monthly information about the solar system production 
 Characteristics of the solar panels and boiler; 
 
3.1.1.4 Analysis 
Considering the system simulation of each of the four variants, the information was sent to the two 
solar system companies for them to determine the price of the different elements. 
Table 3 summarizes the results obtained in the study. 
Table 3 - Comparison of variants for the solar system 





Solar Field and accessories [CHF] 288'920 277'432 263'518 674'564 
Distribution system; hydraulic material; 
meters; water tanks; accumulators; transport; 
assembly 
[CHF] 273'496 338'424 417'494 230'424 
Total investment [CHF] 562'416 615'856 681'012 904'988 
Energy consumed a [CHF/an] 77'005 77'566 69'705 59'402 
Price difference comparing with the less 
expensive variant (according with SIA 480) 
[%] 0% 3% 1% 5% 
Occupation area of the solar panels [m2] 364 366 341.6 510.8 
Difficulty in re-selling the buildings 
1=easy ; 
5=difficult 
1 2 3 2 
Risks of the system b 
1=small risk; 
5= large risk 
1 2 3 4 
a – Price for energy considered: 0,08CHF/kWh; b – The calculation of risks of the system considered the risk of water 
leakage and difficulty in renovation and reparation. 
 
 
This table was shown to the project owner, jointly with the illustration and operating diagram of the 
four variants. The advice was to install the system described in the variant A. 
 
_______________ 
1- A substation is where the energy components, in this case heating system and DHW conduits arrive 
from the central production and are then distributed to the users.   
2- Hoval is a designing, manufacturing and installing company of heating, ventilation and air conditioning 
technologies. 
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3.2 Construction and renovation authorization 
Every project of new building, renovation or extension, must have the authorization of construction 
from the Department of Energy of the Cantonal Office. Obtaining this authorization requires preparing 
a group of documents showing that the project will be developed under the legal limits. 
In some building projects, the project owner requests a Minergie certificate. This Swiss standard 
launched in 1998 stands for lower energy consumption at a higher level of comfort [17, 18]. 
In this stage the first step is to talk with the project owner and the architect to be informed of the type 
of project and its characteristics. This information, together with the detailed architectural plans, cross-
sections and façades, will allow studying the energy gains and losses of the building and the energy it 
will consume.  
In the calculation of the energy needs the role of the energy engineer is to propose solutions, in terms 
of the energy component of the project, to make sure that the values are under the legal limits.  
After developing a solution approved by the project owner, the final step is to prepare the requested 
documents and fill out the forms for the construction authorization. 
3.2.1 Chemin des Manons 
3.2.1.1 Characteristics of the project 
This project is composed by two houses (Villa A and Villa B) independent of each other but with very 
similar characteristics. Table 4 describes the main characteristics of the project. 
Table 4 - Characteristics of the project Chemin des Manons 
Type of project New buildings Minergie 
N° of buildings 2 
Type of buildings Single family houses 
Location Comune Grand-Saconnex, Canton of Geneva 
Type of isolation From outside 
Heating production Geothermic heat pump and Solar panels 
Ventilation Double flow with energy recovery 
Heating distribution system Radiant floor 
 
3.2.1.2 Legal Context 
In this stage a new construction project in the canton of Geneva must be granted HPE, plan a solar 
system covering 30% of Qww and respect the list of prescription described in Canton of Geneva 
Implementing Regulation.  
In order to be granted HPE, the requirements are mainly focus in two parameters: i) the energy needs 
for the heating systems (Qh); ii) the percentage of non-renewable energy used for heating systems and 
for production of DHW. A new construction or a building renovation is also considered by law as HPE 
if it has been granted a Minergie certificate, which will be the case of this project.  
In the Canton of Geneva Energy Law is also mention that for a housing building with more than 3000 
m
2
 of Energy Reference Area (EBF), it is mandatory to perform the particular study Concept 
Energétique which aims to reduce the energy need for heating systems as well as to reduce the use of 
non-renewable energy sources [13, 14].  
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3.2.1.3 Calculation of EBF 
The calculation of the EBF is one of the first steps for obtaining the construction authorization, since 
the type of procedure will change depending of the EBF, as described above. 
Calculating the EBF requires first to analyze the architectural plants and decide where the thermal 
isolation is going to be, which will define the thermal envelope of the building. Then the EBF is 
calculated as the sum of the areas of the heathen or acclimatized rooms inside the thermal envelope for 
each floor [19]. Figure 2 shows the thermal envelope with the blue dotted line and the EBF in the 
yellow area for the Villa B. The Villa A had 292 m
2 
of EBF and the Villa B 255 m
2
. This difference in 
the EBF was due to the double high living room of Villa B, while Villa A had another room in the first 





Fig. 2 - Thermal Envelope and EBF of Villa B – basement, ground floor, first floor and attic 
 
3.2.1.4 Thermal bridges 
Around the thermal envelope, when there is an interruption or diminution of the thermal isolation it 
means that there is a thermal bridge. In this project there were five types of thermal bridges, they were 
studied in order to decrease their impact in heating loss, by making sure there was a certain thickness 
of thermal isolation. Table 5 shows the places in the architectural plants where there were thermal 
bridges, along with its corresponding type, chosen from the catalogue of thermal bridges of the Swiss 
Federal Office of Energy [20].  
Table 5 - Thermal Bridge of the project 
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a - Coefficient ψ represents the rate at which heat is transmitted through one linear meter of 
intersection between building elements or components [21]. In the catalogue of thermal bridges of the 
Swiss Federal Office of Energy the calculation of this coefficient ψ is based in the length of the 
thermal bridge measured from outside of the thermal envelope [20].     
 
 
3.2.1.5 Type of building 
The type of building is a parameter defined in the SIA norm 380/1 [22]. The norm describes twelve 
types of building: multi-family houses; single family houses; administration; school; commerce; 
restoration; gathering place; hospital; industry; deposit place; sport centre;  covered swimming pool. 
This parameter is very important for the calculation of the theoretical values of energy needs of the 
system, namely for the Qww, the limit value for the energy needs for the heating systems (Qh,li) and the 
Minergie Value Limit (Annexes-III). 
The type of the buildings of the project was considered as “single family house” since each house had 
their own independent heating production system. 
 
3.2.1.6 Calculation of Energy Needs for Heating Systems 
Every project of a new building needs the calculation of the Qh,li and the Qh, according to the SIA 
norm 380/1 [21] in order to evaluate the quality of the thermal envelope. The calculation of Qh,li 
depends of: the type of building; the average annual temperature of the place; and the form factor of 
the building (F), which is the ratio between the surface of the thermal envelope and the EBF [22].  
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FQQQ lihlihlih  ,0,,  (1) 
The expression (1) is used for new buildings projects where the annual average temperature is 8,5°C. 
If the annual average temperature is lower resp. higher more than 1°K the Qh,li has to be increased 
resp. decrease by 4%. The Qh,lio and ΔQh,lio are normative values based on the type of building. 
Calculating the Qh requires doing an energy balance of the building, using the following expression: 
 )( sigVTh QQQQQ   , (2) 
where QT are the losses by transmission per month in unit of MJ/m
2
 of EBF; QV are the losses by air 
renewal per month in unit of MJ/m
2
 of EBF; Qi are the internal gains per month in unit of MJ/m
2
 of 
EBF; Qs are the solar gains per month in units of MJ/m
2
 of EBF; g is the utilization gain factor, as 
described in SIA 380/1 [22]. 
 
In this project, for the calculation of Qh li and Qh I used Lesosai, which is a software of certification and 
thermal balance calculation of buildings. 
In this program the following components were introduced: 
a) Type of building; 
b) Type of temperature ambient regulation; 
c) Meteorological station of the project location; 
d) Information related to the EBF; 
e) Information related to the thermal envelope (surfaces, U-values1, ambient temperature of a 
eventual contiguous local, heat distribution systems integrated in the envelope); 
f) Thermal Bridges (dimensions, Coefficient ψ2 or Coefficient χ3); 
g) Information related to the reduction of losses against non-heated places or the ground; 
h) Complementary information about the windows  (g-value4, the percentage of glass surface of 
the window, shadow factor); 
i) Information regarding the heat capacity of the building5. 
 
After introducing all elements in Lesosai, there is an option to see the summary of the thermal 
characteristics of the building (fig.3). 
Based on this summary the components from e) to i) were adjusted, in order to have a Qh lower than 
the limit. In this project the limit was 90% of Qh, li, which corresponds to one of the Minergie limits 
described in the next point (Qh,li,mi). 
Table 6 shows the characteristics of the thermal envelope components chosen for the project. 
Table 6 - Components of the thermal envelope  
 Units Façades 
Wall in contact 







U value a W/(m2.K) 0,16 0,18 0,17 0,19 0,13 0,7 0,5 
Thickness 
of isolation 
Cm 18 18 18 20 16 - - 
a – U value is the heat flux that passes through a construction element divided by the difference in temperature across that 
element, in a stationary process [23]. 
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Fig. 3 - Summary of the thermal characteristics of Villa A 
 
3.2.1.7 Limits Minergie 
To be granted Minergie, the project must respect three limits [24]: 
a) The Qh must be lower than Qh,li,mi , which correspond to 90% of the Qh li 
b) The Minergie Value must be lower than the Minergie Value Limit.  
These values are related to the energy consumed in a building. The Minergie Value is calculated by 
adding the electric energy and other kind of energy that the building will consume for space 
heating, DHW production and for the ventilation system. This sum is weighted using a pre-defined 
weighting for each type of energy source used, as shown in table 7. The energy need for the DHW 
are based in the SIA norm 380/1 and for the ventilation system the energy need is calculated in the 
Minergie formulary based in estimated values of air flow rate. For the Minergie Value Limit there 
are pre-defined values for each type of building [22, 24] (Annexes-III). 
Table 7 - Primary energy indexes in the calculation of Minergie Value 
Type of energy source Weighting 
Solar energy / ambiance heat / geothermal energy 0 
Biomass (wood, biogas, treated gases) 0,5 
Thermal discharge (district heating from Gas treatment plants,   
household refuse incineration, industry) 
0,6 
Fossil fuels (fuel oil, gas) 1,0 
Electricity 2,0 
Thermal Losses by the different 
elements of the system 
Qh,li,mi Qh 
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c) Guarantee thermal comfort during summer 
The guarantee that the thermal comfort is respected consists of a declaration of the applicant. This 
declaration is obtained using a formulary which can be of three variants:  
• Variant 1: Global evaluation of a standard case, consisting of a list of yes/no/NA questions;  
• Variant 2: Extern calculation according to SIA norm 382/1, used in case variant 1 is not respected; 
• Variant 3: Extern calculation according to SIA norm TEC 382, used in case neither variant 1 nor 
variant 2 are respected. 
Table 8 describes the results for the three Minergie criteria  












Villa A 34,3 39,3 25,6 38 Respected 
Villa B 36,5 43,4 27,8 38 Respected 
 
As observed in table 8 there was a 6% difference between Qh of Villa A and Villa B. This difference 
was mainly due to: 
a) Differences in the thermal envelope that induced more thermal losses in Villa B than in Villa A. 
First because Villa A had more surface of façade underground, so less outside façade and secondly 
because Villa B had more glass surface then Villa A with a U-value of the windows higher than the 
one of the façades. 
b) Differences in EBF. Villa B had a lower EBF, which means that for heating the same volume more 
energy per m
2
 of EBF was needed. 
It is also worth pointing out the differences between the energy needs and its limits. The Qh,li,mi was in 
average 17% higher than the Qh  and the Minergie Value Limit was in average 40% higher than the 
Minergie Value. In order to have a good performance during the building operation, it is important to 
have a considerable difference between the calculated values and its limits, particularly, since these 
values are theoretical, as it will be explain more in detail in point 3.5. 
 
3.2.1.8 Solar system 
The Canton of Geneva legislation requires that 30% of Qww are covered by a solar system.   
In this project for the calculation of the percentage of Qww covered by the solar system it was used the 
formulary Minergie. In this, the area of roof covered by the solar system was introduced, which was a 
value defined by the project owner. For 6 m
2 
of solar panels it was obtained 61% of Qww. 
 
3.2.1.9 Calculation of Energy Expenditure Index Allowed  
As describe in the Canton of Geneva legislation, the calculation of an Energy Expenditure Index 
Allowed (Indice de Dépense de Chaleur Admissible, IDCadm) is mandatory when requesting an 
authorization of construction [13,14]. This index represents the maximum quantity of final energy that 
the building should consume for its production of heat for the heating system and for production of 
DHW per year in MJ/m
2 
[25]. 
For a new buildings construction the IDCadm is obtained using the expression (2) which is based on the 
Qh,li, the Qww, the efficiency of the heating production system (h, moy) and the efficiency of the DHW 
production system (ww, moy). The values for Qww, h, moy and ww, moy are obtained from the SIA norm 
380/1. 
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  (2) 
Table 9, describes the values used for the calculation of IDCadm 












Villa A 157,3 50 0,95 0,65 242,5 
Villa B 173,4 50 0,95 0,65 259,4 
 
3.2.1.10 Documents to prepare 
For every project there is a need to prepare a group of documents for the Cantonal Office.  
For the project Chemin des Manons, apart from the documents for the Cantonal Office, a group of 
documents for the Minergie Association were also needed. The documents were the following: 
a) Documents for the Cantonal Office of Geneva [26] 
-  Formulary EN-G1 (simplified process
6
) 
-  Formulary EN-2b 
-  Proof of having HPE
7
, which in this case consists of a copy of Minergie documents 
-  Proof that at least 30% of Qww are covered by renewable energy sources, which in this case can be 
calculated using the Minergie formulary 
-  Document with the calculation of IDCadm 
-  Document showing Global Performance, which can be a LESOSAI report   
 
b) Documents for Minergie Association [24] 
-  Formulary Minergie 
-  Document showing Global Performance, which can be a LESOSAI report 
-  Document with the calculation of EBF 
-  Schema of the heating system and DHW production 




- The U-value is the heat flux that passes through a construction element divided by the difference in 
temperature across that element, in a stationary process. This parameter is used to evaluate the thermal 
performance of a construction element, in that lower values indicate better insulating properties [23]. 
2
- The coefficient ψ is the linear thermal transmittance, which represents the rate at which heat is transmitted 
through one linear meter of intersection between building elements or components [21].  
3
- The coefficient χ is the point thermal transmittance, which represents the rate at which heat is transmitted 
through a specific point with no uniform cross section in any direction [21]. 
4
- The g-value indicates the level of energy transmitted through glass regarding the incident energy. Higher 
values indicate better energy transmission [23]. 
5
- The heat capacity measures the ability of a material to store thermal energy [27].  
6
- A simplified process is applied for all constructions except for the following cases [26]: 
 Projects that cannot reach the legal obligations for some reason, and demand an exception; 
 Large buildings: EBF domestic buildings> 3000m2or EBF other buildings>2000m2; 
 Public buildings; 
 Projects that demand financial support 
 Projects where the technical installations need a special authorization (for example air conditioning) 
7
- If the project was not Minergie, instead of the Minergie documents another formulary with the HPE certificate 
would be necessary [26]. 
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3.3 Sizing and design of heating, ventilation and air conditioning systems 
The correct sizing of the HVAC systems is extremely important to ensure a rational use of energy 
[28]. In this stage there are three main moments: i) calculation of the heating and ventilation needs; ii) 
sizing the systems; iii) design in the plants.  
During this stage the energy engineer has to plan the HVAC system in coordination with the other 
protagonists responsible for the other infrastructures of the building, making sure the architect/project 
owner agree with the location of each part of the system. 
3.3.1 Crèche Chapelle-les-Sciez 
3.3.1.1 Characteristics of the project 
Crèche Chapelle-les-Sciez is a project for a public nursery. Table 10 describes the main characteristics 
of the project. 
Table 10 - Characteristics of the project Crèche Chapelle-les-Sciez 
Type of project New building 
N° of buildings 1 
Type of buildings School 
Location Commune Lancy, Canton of Geneva 
Heating production Gas boiler and Solar panels 
Ventilation Double flow with energy recovery 
Heating distribution system Radiant floor 
EBF total 1820 m2 
 
3.3.1.2 Ventilation system 
a) Legal Context 
Regarding the ventilation system in this stage of a project, the prescriptions that need to be respected 
are described in the following articles of the Canton of Geneva Implementing Regulation: Ventilation; 
Thermal insulation and summer protection [13, 14]. 
 
b) Components of the system 
The ventilation system can be divided in three types of components: 
1. Electric devices used for the ventilation process;  
2. Ducts and grids for the circulation of the air;  
3. Accessories needed for the correct performance of the system, such as throttle valves, sound 
absorbers, fire protections, thermometers, chimneys, rain caps and regulation and meter devices [28].  
 
For this project two electric devices were used: a mechanical energy recovery ventilation system and a 
circulation pump in the roof. 
As can been seen in fig.4, the fresh air enters the ventilator where it is heated by the return air and sent 
to some rooms. There are rooms where the air is supplied (forced air) and others where the air is 
extracted (return air). The air circulates from one room to the other by a system of grids [29]. 
In the forced air of this particular project there was a separation between the air that went to the 
kitchen and the rest of the air, because the kitchen needed air supply during a shorter period. 
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Fig. 4 - Schema of the ventilation system of the project 
 
c) Calculation of flow rate necessary for each room 
The first step of the flow rate calculation is to choose the rooms that need forced air and the ones that 
need return air. After dividing the room by type of ventilation, is calculated the flow rate needed for 
each room. In this project this calculation was based on the area of the room and on the normative 




, as stated in SIA norm 2024 [30].  
The total flow rate of forced air is then compared with the total flow rate of return air of the building 
and some values are readjusted in order to have similar values in both types of air to avoid pressure or 
under pressure inside the building. 
Table 11 shows the flow rate of each type of air flow after the calculations. 













5790 2970 2600 2600 3190 2970 
 
d) Sizing of the ventilation system 
- Electric devices 
The sizing of the electric devices is based on the total flow rate and on the available place. With that 
information different manufactures catalogues are consulted to find the model that better suit the 
project. 
For the project in study, a ventilator manufacturer was asked to suggest directly the right type [31,32] 
based on the criteria described above. 
- Ducts and Grids 
The ducts and grids sizing is directly related with the flow rate. For each component with a different 
flow rate (Q) its section (S) is calculated in units of m
2
 using the expression (1), based on the air 
velocity (v).  
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The air velocity used is described in the Geneva legislation and based on the SIA norm 382/1, as 
shown in table 12 [14, 33]. These values are meant to restrict the energy consumption, since for higher 
velocities there will be higher energy consumption in the circulation pumps [29]. 
v
Q
S   (1) 
Table 12 - Air velocity in the ducts according to the flow rate 
Flow Rate Air speed 
Until 1,000 m3/h 3 m/s 
Until 2,000 m3/h 4 m/s 
Until 4,000 m3/h 5 m/s 
Until 10,000 m3/h 6 m/s 
More than 10,000 m3/h 7 m/s 
 
For each different type of piece, I chose the shape and dimension (width and height or diameter) 
according to the available space.  The specifications of each piece described in a ducts manufacturer 
catalogue, were also respected, as they are designed to avoid pressure drops 
1
 [34].  
In this project the height of the ducts was an important aspect that needed a special attention. This was 
because the ducts had to be located in a false ceiling, and the project owner wanted false ceiling only 
in some places. Because of that there were many ducts that needed to pass in the same place and, thus, 
had to intersect with others. 
The thickness of isolation necessary for the ducts that need to be protected from the heat transmission 
is another aspect to consider. The values to use, as described in Canton of Geneva Implementing 
Regulation, are based on the temperature difference between the air flow inside the ducts and the 
ambient air [14]. In this project, since there was no important temperature difference between the air 
flow inside the ducts and the ambient air, there was no need to isolate the ducts. 
- Accessories  
Most of the accessories have standard dimensions, hence, the sizing is not necessary. 
In this project it was necessary to size the fire protection valves
2
 and the throttle valves. The sizing of 
these elements takes in consideration: flow rate; pressure; air velocity (according to table 12); and 
level of noise. In this project, as described in SIA norms 2024, the decibels should be lower than 33 
DB for the play rooms and lower than 28 DB for the sleeping rooms.  
For this project, I used a software from an accessories manufacturer [35], which based on the 
accessories dimensions and flow rate, calculates the pressure, air velocity and decibels.  
 
3.3.1.3 Space heating and DHW production system  
a) Legal context 
Regarding the space heating and the DHW production system in this stage of a project, the 
prescriptions that need to be respected are described in the following articles of the Canton of Geneva 
Implementing Regulation: Heating system; Production of DHW; Thermal insulation and summer 
protection [13, 14]. 
 
b) Components of the system 
The system can be divided in four types of components: 
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1. Heat generator system;  
2. Pipes; 
3. Accessories needed for the correct performance of the system, such as expansion tanks, pumps, 
valves, thermometers and regulation and meter devices; 
4. Heat distribution.  
 
In this system, as it can be seen in fig.5 the heat generator system was composed by: solar system, gas 
boiler and water tank, where the water is heathen and stored. For the DHW production, solar panels as 
well as the gas boiler were used. The gas boiler was also used for heating the building via two 
systems: radiant floor and a water battery inside the ventilator. The radiant floor heating system was 
the main heat distribution system by supplying heat directly to the floor [36]. In this project the heat 
was provided by pumping heated water through tubing laid in a pattern under the floor. The ventilator 




Fig. 5 - Schema of the space heating and DHW production system of the project  
c) Calculation of energy needs for heating each room 
The calculation of the energy needs for heating each room (ΦHL) was based in the expression (1) 
described in the SIA norm 384/1 [37]. 
VTHL  , (1) 
where, ΦT  are the losses by conduction in units of W and ΦV  are the losses by ventilation in units of 
W. 
 
This calculation was done using Win HT, which is a Swiss software for thermal balance calculation of 
buildings based in the SIA norms. 
In this program, the following components were introduced: 
- Characteristics of the building; 
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- Meteorological station of the project location; 
- General information about each room: Surface of ground, height and ambient temperature; 
- Information related with the losses by conduction: surfaces in contact with non-heated places, 
temperature of the adjacent non-heated places, U-values, orientation, thermal bridges, depth for 
the rooms in the basement; 
- Information related with the losses by ventilation: flow rate entering the room and temperature 
difference between the ambient air and the forced air; 
Table 13 shows the final results of the energy needs calculation. 
Table 13 - Final result of the energy needs calculation 
ΦT [kW] ΦV [kW] ΦHL [kW] 
20 10 30 
 
d) Sizing of the space heating and DHW production system  
The components of the system were sized in collaboration with the sanitary engineer and the energy 
engineer in charge in the authorization of construction stage.  
- Boiler 
The sizing of the boiler is based on the power needed for the heating needs of the building, the type of 
fuel and on the available place in the technical installations. The power needed is the highest value 
between the power needed for the production of DHW and the power needed for space heating. Using 
that information different manufactures catalogues are consulted to find the model that better suit the 
project. 
In this project the power needed for the production of DHW was 44kW
3
 and for space heating was 
61kW (i.e. 31kW
4
 for the water battery and 30kW for the radiant floor). Hence the power chosen for 
the boiler was 70kW [16].  
- Solar System  
The solar system was sized by the solar system manufacturer, with the information given by the 
energy engineer that was in charge of the authorization of construction stage. 
- Water tank  
The dimensions of the water tank correspond to the volume of DHW needed per hour, as described in 
the point 3.1. Considering that information different manufactures catalogues are consulted to find the 
model that better suit the project. 
In this project because the water tank was also the solar accumulator, the dimensions of the water tank 
were calculated as the sum of the volume needed for the solar accumulator with the volume needed for 
the DHW
1
. The solar accumulator volume was calculated using the same expression as in point 3.1, 
considering that there were 12m
2
 of solar panels. The sum of the two components was 1115 litters, 
thus, we chose a water tank of 1500 litters [16]. 
The thickness of isolation necessary for the water tank is another aspect to consider. The values to use, 
as described in Canton of Geneva Implementing Regulation, are based on the capacity of the water 




- Pipes  
For the calculation of the pipes diameter, the flow rate (V) in each pipe has to be calculated using the 
expression (1), which is based on the heating power that the pipe needs to transport (P).  
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Then the most appropriate standard diameter is chosen according to tables from the swiss association 
of heating and ventilation enterprises [38]. These tables are based on: flow rate in the pipes; 
temperature of the heated water; and the linear pressure drop of the pipes (Annexes- IV). We chose a 










where V is the flow rate in the pipes in unit of l/h, Cp water is the specific heat of water in unit of 
J/(kg.K), ρwater is the density of water in unit of  kg/l, ΔT = Tintial – Tfinal = 35°C - 25°C and P is the 
power needed for heating in unit of J/h. 
In this project, the pipes connected the boiler to: ventilator battery; water tank; and radiant floor 
collectors. For the sizing of the pipes connected to the radiant floor collectors it was first necessary to 
know the rooms associated to each collector, so that the power considered for each pipe was the sum 
of the power that needed to arrive to each collector.  
The thickness of isolation needed for the pipes that pass through non-heated room, is another aspect to 
consider. The values to use, as described in Canton of Geneva Implementing Regulation, are based on 
the diameter of the pipes [14]. In this project, since there was no important temperature difference 
between the heated and non-heated rooms, it was consider the same thermal isolation thickness in all 
the pipes, namely, 2,5 cm with a thermal conductivity of 0,042 W/(m.k). 
- Radiant floor heating system 
In a radiant floor heating system it is necessary to calculate the number of collectors and the number of 
loops. A loop is a single run of radiant floor pipes as explained in fig. 6. 
 
 
Fig. 6 - Radiant floor heating system [40] 
The first step is to calculate the total length of radiant floor pipes needed for each room. For this 
calculation is first found the distance between the pipes, which takes in consideration four aspects: the 
diameter of the pipe; the power needed per available surface of ground; temperature of the heated 
water in the pipes; ambient temperature of the room (table 14). The length of the pipes is then 
calculated by a ratio of the available surface of ground to the distance between pipes.  
Table 14 - Distance between pipes of radiant floor heating system a [41] 
 
Distance between the radiant floor pipes [mm] 
Temperature 



















20 56 25.8 63 26.2 71 26.8 
22 48 27.1 55 27.5 62 27.9 
24 41 28.4 46 28.7 52 29.1 
a – The pipes diameter considered in this tables is between 14 and 20 mm 
Pipes connecting the 
boiler to the radiant 
floor collectors 
Radiant floor collector 
One loop of radiant 
floor pipes 
Distance between 
radiant floor pipes 
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Considering the length of pipes, the number of loops needed for each room is calculated. In this 
calculation the length of pipes needed for a room is dived by the maximum length of one loop, 
adjusted to the quantity of pipes that have to pass by that room to arrive to the next one. 
Finally the number of loops indicates the number of collectors needed, since each collector have a 
limited number of loops connected 
For this project, we chose pipes with a diameter of 1,6 cm separated by 20 cm, that corresponded to 93 
loops of 100 m, distributed by 13 collectors [40]. 
- Accessories  
The accessories of the system were sized by another member of the company specialized in this 
component. 
3.3.1.4 Design in Plants 
For the design of the HVAC systems, I used AutoCad, a software application for both 2D and 3D 
computer-aided design. 
This process had a first stage where the locations of each component of the HVAC systems were set. 
The systems were designed without the precise dimensions and the plants were discussed by all the 
protagonists until the general concept was decided. 
After defining the exact location of each component, the devices and the distribution system network 
were designed with the precise dimensions. 
In the distribution system design, considering the following parameters is essential: 
- Minimum distances needed for the conduits fixation [33]; 
- Dimensions and location of the outdoor fresh air supply and the outdoor exhaust air as defined 
in the SIA norms; 
- Dimensions described by the manufacturer for each different kind of piece of the ventilation 
system in order to guarantee that the air flow has the expected behavior [33]; 
- The fact that water pipes cannot go up and down in order to avoid air bubbles. 
Regarding the devices, it is also important to provide enough space for their correct performance and 
for maintenance, according to their technical information. 
The dimensions of the conduits, the flow rate and the distances to the ceiling or to the floor were also 
described in the plants. 
In some critical places a cross-sectional view was designed.  





 - The pressure drop is the difference between two pressure levels in a hydraulic circuit. This factor is the only 
one which is possible to adjust to decrease the energy consuming without changing the quality of the inside air. 
As higher is the pressure drop higher is the energy consumption [42, 43]. 
2 
-The rooms where fire protection is needed are described in the norms and directives of the cantonal association 
against fire [44].  
3 
- Calculated by the sanitary engineer. 
4 
- Information given by the ventilator manufacturer. 
5
- Thermal conductivity indicates the ability of a material to conduct heat. A low value indicates high levels of 
insulation [21]. 
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3.4 Description installations and Construction  
The description installation phase requires writing a descriptive document of the HVAC system to 
send to the enterprises that are going to be responsible for the installation of the system. Normally 
there is an independent document for the ventilation system and another for the heating/cooling 
system. Each of those documents has a brief explanation of how the system works and a description of 
all the necessary material. All the devices, ducts and accessories that compose the system are 
described in detail as well as the different steps for assembly the system. The enterprises of installation 
fill out the document writing the estimated price for each group and re-send it. Then all tenders are 
compared in order to advice the project owner on the installation enterprise to choose. 
Finally, in the construction phase the responsibility of an energy engineer is to follow the process of 
construction, and making sure the energy component of the project is constructed as planned. 
3.4.1 Séracs 
3.4.1.1 Characteristics of the project 
Séracs is a project for a partial renovation of the HVAC system of a mountain housing building. The 
renovation work was to be done in the garage and basement of the building. Table 15 describes the 
main characteristics of the project. 
Table 15 - Characteristics of the project Séracs 
Type of project Renovation  
N° of buildings 1 
Type of buildings Multi-family house 
Location Commune Bagnes, Canton of Valais 
Heating production Fuel oil boiler and Solar panels 
Ventilation Double flow with energy recovery 
Heating distribution system Radiators 
EBF total 3040 m2 
 
3.4.1.2 Legal context 
The Canton of Valais Energy Law, describes for this stage the following obligations: 
- The HVAC system must be installed and regulated according to the law prescriptions, and there must 
be a document where the system characteristics are described; 
- After the HVAC system installation is done, there must be a conformity control. An attestation 
confirming that the installations correspond to what was planed must be sent to the competent 
authority [45, 46]. 
 
3.4.1.3 Description Installation 
In the description of the HVAC installations I was responsible for the description of the ventilation 
distribution system.  
The ventilation distributing system was described regarding the dimensions and type of ducts, by 
calculating their length, by preparing a plant showing the conduits to disassemble and the ones to 
assemble, and by preparing a schematic elevation of the ventilation system (Annexes-V). 
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3.4.1.4 Construction 
The construction period was performed during the summer season for approximately two months. 
These procedures take place normally in this season, because this is the moment in the year where 
there is less heat demanding. During this period there was a temporary fuel oil boiler for the DHW 
production. 
Every two weeks there was a meeting in the construction site. In most of these meetings the following 
protagonists were present: the energy engineer; the representative of the project owner; the responsible 
for the maintenance of the building; the heating system enterprise; the ventilation system enterprise; 
the electric system enterprise; the plastering enterprise; the water treatment enterprise; and  the 
chimney-sweeping enterprise. During these meetings, it was discussed what had been done since the 
previous meeting and the next steps were planned. Some unpredicted problems were also solved at 
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3.5 Operation monitoring 
At this stage, a building operation monitoring can be performed by request of the building owner. 
During a fixed period several energy component of the building are regularly measured. Considering 
that information it is possible to do a monthly control and in the end of the established monitoring 
period a report analyzing the operation of the building is written. 
3.5.1 Vélodrome 
3.5.1.1 Characteristics of the project 
The project Vélodrome is a group of five residential buildings that use the same heating and DHW 
production system. For the heat production two wood boilers and 227 m
2
 solar panels are used. 500 m
2
 
of photovoltaic panels for electricity production are also installed. The energy consumption is 
automatically registered every month, since November 2010, when the buildings started their 
operation. 
The table 16 describes the main characteristics of the project. 
Table 16 - Characteristics of the project Vélodrome 
Type of project New buildings Minergie 
N° of buildings 4 
N° of sub-stations   5 
Type of buildings Multi-family house 
Location Plan-les-Ouates, Canton of Geneva 
Heat production for heating system Wood boiler  
Heat production for DHW Wood boiler and solar panels 
Ventilation Double flow with energy recovery 
Heating distribution system Radiant floor 
 
In the end of September 2012, as asked by the building owner, the building operation during the 
period from October 2011 till September 2012 was analyzed. 
 
3.5.1.2 Legal Context 
In this stage of a building project, the prescription described in the article Energy consumption control 
of the Canton of Geneva Energy Law must be respect. 
 
3.5.1.3 Energy Consumption  
In terms of annual energy 
consumption of the wood boiler, it 
was observed that 32% of the energy 
of the five buildings was used for the 
production of DHW and 68% for 
heating the building.  
In the graphic shown in figure 7 is 
possible to observe that the total 
energy consumption decreased after 
the month of April. 
 Fig. 7 - Monthly energy consumption of the wood boiler 
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This can be explained by the diminution of the heating needs 
and higher production of the solar panels.  
During the year in study, 34% the production of DHW was due 
to the solar panels and the remaining 66% with the wood 






3.5.1.4 Photovoltaic system 
In the analyzed period the photovoltaic system produced 88'674 kWh, which was a predictable value.  
In theory, the 
photovoltaic production 
could cover a quarter of 
the electricity needs for 
the five buildings of the 
project.  
In the figure 9 is 
possible to observe the 
clear difference between 
the energy production in 




3.5.1.5 Calculation of Energy Expenditure Index 
In the canton of Geneva, it is mandatory for all the heated buildings, to calculate the Energy 
Expenditure Index (IDC), in order to know the thermal quality of the buildings [13, 14]. The IDC 
represents the quantity of final energy consumed for the production of heat for the heating system and 
for production of DHW [47]. 
This index has to be calculated once per year during three years every ten years. If the average of the 
three years is higher than 800 MJ/(m
2
.year) it has to be done an energy audit and then a building 
renovation must be performed. 
The IDC is obtained by adding two components: 
- The partial index of the heating system, Eh 
- The partial index of the DHW production system, Eww 
The calculation of Eh is based on the consumption of energy for the heating system during the period 
in study adapted to the meteorological condition during that period.  
The Eww is based on the consumption of energy for DHW production during the period in study. This 
index is not influenced by the meteorological condition. 
Fig. 8 - Production of DHW 
Fig. 9 - Photovoltaic production 
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For the calculation of IDC I used a spreadsheet from the Cantonal Office, where the following 
information was introduced: EBF of all the buildings; type of buildings; type of boiler; analyzed 
period; energy consumed; and if this energy was used for the DHW production. 
The IDC calculated was 253 MJ/(m².year). This is a very low IDC, since the IDC average in the 
canton of Geneva is 600 MJ/(m².year).  
 
3.5.1.6 Comparison with theoretical values 
a) Energy Need for the heating system 
During the authorization of construction stage it was calculated two different values for the energy 
need for the heating system: i) Qh – energy need without considering the heat recovered from the 
ventilation system; ii) Qh eff – energy need considering the heat recovered from the ventilation system 
[24]. 
In the Minergie form the value that has to be below the limit is the Qh but in theory the value that 
should correspond to the real needs is the Qh eff. 
By analyzing the real needs during the building operation, it was observed that the Qh values are closer 
to reality than the Qh eff values. This fact does not have to be directly related with the efficiency of the 
heat recovery system, it could also be due to the calculation of the Qh and Qh eff in the authorization of 
construction stage, which are based in a standard utilization conditions, and may not correspond to the 
real utilization conditions. During the building operation, the user’s behavior, as well as the exterior 
temperature by being different than the standards, can change the energy consumption significantly. 
One of the most important factors is the variation of the demanded interior temperature, since rising 
1°C increases approximately 7% of the energy consumption [48, 49].  
The Qh was in average 4% higher than the calculated in the authorization of construction stage. 
b) Minergie Value 
A new Minergie Value, was calculated with the real energy consumed, using the formula of the 
Minergie forms 2007, which were the forms used in the authorization of construction stage. 
The values were in average 36% higher than the calculated in the authorization of construction stage. 
This fact can be explained by the increase of demand for the heating system, as well as the higher 
consumption of DHW. It is important to note that the Minergie value calculated during the 
authorization of construction stage was based in the Qheff and not in the Qh [24]. 
Even though the values during the buildings operation were in general higher than the theoretical 
values, all the buildings were still under the limits for a Minergie building, as showed in table 17. 
Table 17 - Comparison between Minergie limit during the authorization of construction stage 
and the building operation stage 





































1 20,8 29,4 32,2 32,4 27 37 42 
2 24,1 33,8 36,5 38,8 28 38 42 
3 22,4 31 29,0 33,9 28 37 42 
4 22,4 31 31,6 33,9 28 39 42 
Energy component at the different stages of a building project in Switzerland 
Internship at Putallaz Ingénieurs-Conseils 
Maria Carolina Sollari Allegro Machado Lopes   29 
3.6 Punctual studies 
These kind of studies are independent of the process of a building construction. They consist in 
analyzing the energy component of existing buildings. There are two main groups: energy audits and 
analysis of problems related to the HVAC systems or the thermal envelope. 
3.6.1 Connétable 
3.6.1.1 Characteristics of the project 
The project Connétable consisted in the analysis of humidity problems in a domestic house. Different 
rooms were analyzed to understand if the causes of the problems were related to the HVAC system 
or/and to the thermal envelope.  
In this project, I was responsible to study a particular room that is going to be described in this section. 
This analysis was based on: 
- Local observation; 
- Temperature and humidity measures; 
- Analysis of the architectural plans of the building; 
- Thermal bridges modeling. 
 
3.6.1.2 Temperature and humidity measures 
In this room there was a problematic corner covered with black marks, where the analysis was focus in 
(Annexes-VI). In this corner was left a device to measure the surface temperature and the humidity. 
These two parameters were measured every 30 minutes from mid-April until beginning of May. 
Figure 10, shows the results of the measures. During this period the average relative humidity was 
approximately 80% and the average temperature approximately 16°C. 
 
 
Fig. 10 - Relative humidity and surface temperature in the corner of the room in study 
As suspected the relative humidity was too high, since when the relative humidity rises to 100% there 
are water vapor condensation.  
The temperature measured was also a sign of problem, for being considerable lower than the ambient 
temperature of the room. This difference of temperature was an indication of a possible thermal bridge 
in the corner. 
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3.6.1.3 Thermal bridges modeling 
In the thermal bridges modeling, I considered three types of wall constructions, in order to understand 
how these influence the interior humidity problems. The differences between the three variants were 
the thickness and type of isolation between the wall-1 and wall-2 (fig.11).  
The following variants were considered: 
- Variant-1, with 2 cm of silicon isolation, based on the wall structure from the architectural plans, 
since the execution plans of the building were not available; 
- Variant-2, without isolation; 
- Variant -3, with the minimum thickness of isolation to avoid humidity problems. 
In variant-3, in order to find the minimum thickness, several thermal bridges were modeled.  
To calculate the condensation risk of these variants, I used Flixino. This software analyses the thermal 
properties of a construction according to the European Standards EN ISO 12211: 2007 and EN ISO 
10211.  
In Flixino, I first introduced the construction structure at the plan view and then I defined the boundary 
conditions, as showed in figure 11. 
 
Fig. 11 - Flixino simulation: Plan view of the corner in study with the wall structure of variant-1 
After defining the structure it was calculated the temperature factor at the internal surface (fRsi) in the 
corner in study (point A – fig.11). This factor evaluates the risk of condensation in the internal 
surfaces. 
According to the EN ISO 10211, fRsi is the difference between internal surface temperature and 
external temperature, divided by the difference between internal temperature and external temperature, 
calculated with a surface resistance at the internal surface [50]. 
Whenever fRsi is lower than 0,75, there is a risk of condensation [51]. 
A 
Wall-1 Wall-2 
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3.6.1.4 Result analysis 
The thermal bridges modeling showed that in both variant-1 and variant-2 the f Rsi is lower than 0,75, 
as described in table 18. 
According to those results, we concluded that a thermal bridge in the corner in study explains the 
humidity problems in the type of construction of variant-1 and variant-2.  
Table 18 - Condensation Risk in the variants in study 
 Variant-1 Variant-2 Variant-3 
Isolation 
2 cm silicon isolation betwen 
the wall-1 and wall-2 
No isolation 
5 cm of polyrethane isolation 
betwen the wall-1 and wall-2 until 
the window frame 
f Rsi 0,416 0,402 0,757 
 
This problem could have been solved by using a minimum of 5 cm of polyrethane isolation between 
the wall-1 and wall-2 until the window frame, as studied in variant-3. 
However it was also important to mention that these results do not exclude the possibility of water 
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4. Conclusions 
During these twelve months of internship in the company Putallaz Ingénieurs-Conseis, I participated 
in several projects from different stages of a building project. This experience gave me the opportunity 
to participate in the process of a building construction and operation in Switzerland, where I learned 
about the Swiss legislation regarding the energy component of buildings, its requirements and its main 
actors.  
In Switzerland, even though each canton has its own energy laws, their legislation is based on the 
same guide-document, the MoPEC [10]. This fact simplifies the use of the cantonal legislation and 
standardizes the national energy demands [52]. Some external actors are also frequently mentioned in 
these legislations, such as the Minergie Association and the SIA, which allows a better connection and 
proximity between the different actors of a building project. 
Concerning the canton of Geneva, where my study was focused, the energy demands in the building 
sector are one of the highest in Switzerland [52]. In order to ensure a rational use of energy and give 
priority to renewable energies, there are several requirements to respect. They are described in a very 
objective and coherent way. 
The requirements described in the legislation are mainly focus in the following aspects:  
 Quality of the thermal envelope;  
 The obligation of using renewable energies; 
 The use of an air conditioning system only when justified; 
 Higher requirements for public buildings and large buildings;  
 Correct sizing and installation of the HVAC system;  
 Energy consumption control [13, 14]. 
In this report, I decided to describe the procedure in each of the different stages of a building project, 
since the energy efficiency of a building is affected by all of these stages. For this study, six stages 
were considered: 
1. Preliminary studies;  
2. Construction and renovation authorization;  
3. Sizing and design of HVAC systems;  
4. Description of installations and construction;  
5. Operation monitoring;  
6. Punctual studies. 
In each of these stages there are different requirements to respect, as described above for the canton of 
Geneva. 
The first two stages are the most important stages. In these the characteristics of a building are 
defined, namely the quality of the thermal envelope, type of ventilation system and type of heating 
system. The quality of the thermal envelope is one of the most significant parameters in this stage. For 
a new building in the canton of Geneva this parameter is evaluated by performing a thermal balance. 
In this calculation the characteristics of the thermal envelope elements are adjusted in order to have a 
value for the energy needs for space heating lower than the one imposed.  
Concerning the third stage, its influence in the energy consumption depends of the complexity and size 
of the HVAC system. In a complex system, the correct sizing can save a higher percentage of energy. 
In this stage the most important aspects to consider are the thickness of thermal insulation of the 
different components of the system to avoid heat losses and the correct sizing of the conduits in order 
to reduce the energy consumption in the circulation pumps.  
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After these three stages, in which the energy components of a building are planned, the following step 
is to describe the installations and then to construct the building. In this forth stage, guarantee that the 
energy components of the building are constructed as planed is crucial for its correct performance. 
Finally in the last stages, during the building operation a regular control of the building performance 
enables to detect possible problems in the system that may induce not only high energy consumption 
but also the deterioration of the building elements. In the canton of Geneva, in order to control the 
energy consumption of the buildings, for all the heated buildings the calculation of the IDC is 
mandatory. Whenever this value is higher than an imposed value, an energy audit and then a building 
renovation must be performed.  
In this study it was also interesting to realize how these stages are connected and their influence in the 
other stages. When some stages are not well performed, several problems can occur in the following 
stages. An example of such situation was observed in the project described in point 3.6, where 
humidity problems and deterioration of the building elements were observed during the building 
operation caused by a neglected thermal bridge. 
Overall, Switzerland has a mature legislation regarding energy consumption in buildings with a strong 
focus to increase the use of renewable energy sources. Moreover, a strict inspection system is in place 
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Minimum legal obligations to respect in the canton of Geneva 
 
Building Procedure Requirements 
New 
Building   




>30% of Qww with 
renewable energies 
+ 
Comply with the list of 
prescriptions 
HPE certificate:  
Q h < 80% Q h,li + E non-renewable ≤ 60% E total 
+ 
>30% of Qww with renewable energies 
+ 
Comply with the list of prescriptions 
Extension  
Non large building nor public 
building: 
EBF extension < 50m2 
or 
< 20% of the EBF total and EBF 
extension < 1000m2 
HPE certificate: 
Opaque isolation elements in contact with the exterior must have an 
energy performance 25% higher than the limits of SIA norms;  
translucent isolation elements in contact with the exterior must have:  
15% more performing then the limits of SIA norms if their surface is  
< 60% of all the isolation surface in contact with exterior or  
 25% more performing then the limits of SIA norms if their surface is  
> 60% of all the isolation surface in contact with exterior  
+ 
>30% of Qww with renewable energies 
+ 
Comply with the list of prescriptions 
Large building: 
EBF extension < 15% of total 
EBF and EBF extension < 
1000m2 
Non large building nor public 
building: 
EBF extension > 50m2 
or 
> 20% of the EBF total 
HPE certificate: 
Q h < 80% Q h,li + E non-renewable ≤ 70% E total 
+ 
>30% of Qww with renewable energies 
+ 
Comply with the list of prescriptions 
Renovation 
Non large building nor public 
building  
The elements of the building that are renewed have to comply with the 
list of prescriptions 
Large building:  
EBF renovated < 500m2 
Abbreviations: EBF, Energy Reference Area; Qh, energy needs for the heating systems; Qh,li, energy needs for the heating 
systems as calculated using the SIA norms; Qww, Energy Need for production of domestic hot water; Enon-renewable, percentage 
of non-renewable energy used for heating systems and for production of domestic hot water; Etotal, energy needs allowed 
from renewable or non-renewable sources according to the SIA 380/1; SIA, Society of Engineers and Architects 
 
a - A housing building with more than 3000 m2 of EBF or non-housing with more than 2000 m2 is considered a large 
building. For these buildings as well as for public building is mandatory to perform the particular analyze Concept 
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Solar panels standard 
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Formulary EN G1 - Cantonal Office of Geneva 
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Formulary EN 2b - Cantonal Office of Geneva 
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Formulary Minergie - Summary page 
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Building type and the associated parameters   
According to SIA norm 380/1 and the Minergie Association 
 






Minergie Value Limit 
For constructions 
after the year 2000 
[kWh/m2 EBF] 
Qh,li0 ∆Qh,li 
Multi-family house 55 65 75 38 
Single family house 65 65 50 38 
Administration 65 85 25 40 
School 70 70 25 40 
Commerce 50 65 25 40 
Restoration 95 75 200 45 
Gathering place 95 75 50 40 
Hospital 80 80 100 70 
Industry 60 70 25 20 
Deposit place 60 70 5 20 
Sport centre 75 70 300 25 
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Result of the energy needs for heating calculations 
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Swiss standard diameter of pipes 
Based on flow rate, temperature and linear pressure drop 




































Flow rate in the pipes in units of l/h for a 
pressure drop of 50Pa/m 
Pressure drop in units of Pa/m 
Swiss standard diameters of pipes 
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Vide de faux plafond
40 cm
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Garage plants - conduits to disassemble  
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Garage plants - conduits to assemble 
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Photo of the humidity problems in the analysed room  
 
 
 
 
 
 
